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CURRENT MEASURING METHOD AND APPARATUS 

The present invention relates to a current 
measuring method and apparatus. 

There are many circumstances in which it is 
desired to measure small currents passing along 
conduct!,,, tracks without disrupting the operation of 
the circuits connected to those conductive , tracks 
For e .ample it is desirable to te able to check tn 
input and output currents on voltage regulators, find 
the magnitude and cause of fault currents on printed 
circuit boards, find the location of - short circuits 
on printed circuit boards, measure current 
consumptions of individual devices in a circuit 
check h low pouer dev . ces ^ operating , n ' 

speculation, check that -sleep- modes are 
operational on microprocessors, monitor charge and 
discharge currents on batteries, measure current flow 
cT" Se T: nS «*■' "•«"<*•»• Power busses, check 

th read- ^ dl ° d "' *" d 

the readings. of moving coil meters. It is of, course 

relatively simple matter to make current 
meas u , f , ^ ^ ^ ^ 

with the conductive track in which one is 

ZZTtT ° nf0rtUnat ^ thl = - «>"•" not possible 
. without disrupting the conduit. 

availST". m ° nit0tlng have been made 

available but generally suffer from insensi t i vi ty , 

closely spaced tracks. There' is clearly a need for a 

read" "T ' *° ' 

reading of current flow down a track with the same 

voTtao aCCU "^ « "I- the case when measuring 

voitages using . conventional digital volt meter 
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is an object of thp • 
P"*"e an improved currgnt P " Sent in -ntion to 
apparatus. ^ measu ^ng me thod and 

According to the preS ent invention th 
Provided a current moa • ntxon there is 

Probes adapt*™ " ""f" 9 co mp risi„ g two 

-art re g Ls £ ~« ' 

having a f lrst and rack ' eac h probe 

measuring t „. potentlai a contact, ,ea„ s £or 

»r« --o ts ; ne anr fo ; between th * - 

conductive tracks through the t „o " ^ ^ 

, •»•« a predeternUn/d cha n Tlj 0 "" 0 " 

potential difference measured 
■ ' ^-erence, means for 

«PPU.d current, and means /// J"""" 9 the - 

conductive path, wherein two J^lf^ ^ * 
' contact with spaced ansrt 6 Positioned i„ 

track, '.each p rob e Z « "- conductive 

-ectrica lly Cute ^ct ^ ™ ' 

«««.nc. hetween the JT ' ^""^ 

measured, current i e rst contacts i s 

' utrenc is supplied r-r, »- u 

— u gh the two seci: ^act ^ 
Predetermined change in ° ntaCtS to effe ^ a 

difference, the Currfln> measured potential 

«-xic current suddHph , . 

Predetermined ch a nge in fc ° ach ^* the 

difference is measured and kh meaSUrSd P^ential 

-« rr : cha„ g ;:; t r^ ia ™ enc f the 
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Preferably each measurement is the result of a 
series of operations in which the current injected 
into' the conductive track is reversed and. the 
connection of the' probes through the monitoring 
equipment is reversed thus giving a four stage 
• cycle. This enables an average result to be produced 
which cancels out errors due to . voltage offsets, 
thermal EMFs and noise. 

The present invention also provides a -double 
contact probe comprising a first tubular contact,., and 
a second contact extending along the axis of the 
tubular contact/ wherein the second contact" is 
resiliency mounted within the first contact so as to 
be electrically isolated therefrom, the first contact 
extends to a pointed tip, the second contact when 
unrestrained extends to a point axially beyond the 
said pointed tip, and the resilient mounting of the 
•second contact is such that a predetermined axial 
pressure on. the second contact causes it to move 
axially into the first contact so that the tips of- 
the two contacts will lie on the conductive track 
irrespective of the angle of approach of the probe.;. 

Preferably the second contact is a spring-loaded 
•telescopic assembly supported in a body of 
electrically insulating material- within the first 
contact. The pointed tip of the first contact may be 
defined by cutting off the end of the first contact- 
along a planar cut inclined to a plane perpendicular 
to the • tube axis . 

An embodiment of the present invention will now 
be described, by way of example, with reference to 
the accompanying drawings, in which:- 

Fl .g, 1 is a schematic illustration of an 
apparatus in accordance with the present invention; 

Flg- 2 is a schematic illustration of a 
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switching cycle followed durino no v 

•y.te» 1Uu . t „ t . d in Fig ; 1# u / n \ ng °p««xo„. or th€ 

Fl< 3- 3 is a schematic section^ : n 

a Prob e lncorpor . t -. d in the syste c ;°:; 1 Fi ; li r tratlon ° f 

Referring to the drawinqs - Fia i u ' 
illustrates a conductive ^ " \ 
current it is passino ' ^ " g Which a 

p-es 2 and r 9 rt T :: ic r:: s is r acted by tw ° 

"hi'ch.is used to' convey current " V, ™ U " 4 

a second contact '* Z ™ ° £ <°™ th * 

----^:n:::e;/;r h /LVo7--d t r t - 
— »\ m :::;:: oc ::::: g e co v n r o : hi :r tem 6 ~ * 

voltage to current c l nve l^ th " Wli ' d '° « 
controls the magnitude of h eur " n \ °"f" °* ' 
the track The m , , current i injected into 

"oXd circuit 9 and a , ariable 0 ^ " tf 

The input reversal switch p .r , ■ ' ' 

• voltage derived f rom conta ^ / ^ th. 

input amplifier 11 to h and a PP ii ed ; to . an 

The variable qain Q}-=,nn 

.-"ic are suitched ln circu ; t stoc b s v 15 and " 

switches 17 and 18 . Hhen suitch Ult by -active 

resistor 15 sets , „ j switch 17 is closed the 

sets a predetermined p er «. f .„ 0 . 

" 9ain and when the switch ,» ■ P " Centa 9 e reduction 

» a predetermine p. cc .„ t " ^ 

The output of the am " fl 'l \T"' 

'•"in.1 of a comparator 1 9 „M also" '° ^ 

input direct f„. ► „ ■ ° receires an . 

from the xnput amplifier 11. Thus the 
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comparator provides an output to the control . system 
which is a function of the difference between the 
voltage sampled between the contacts 5 and the 
voltage output by the variable gain stage. The 
control system also provides outputs to a display 20 
and is", provided with front panel controls 21 for 
adjusting for example the measurement range. 

The spacing, between the contacts 4 and 5 of each 
probe -is as small as is conveniently possible,' for 
example 0.3175cm, and thus the spacing between the 
contacts is very much smaller than the spacing 
between the probes. One contact is used to inject 
current into the track and the other- is used to 
measure the voltage on the track. This ensures 
accurate measurement of voltage and eliminates errors 
due to voltage drops and potential differences which 
would be caused by the presence of the injected 
current in a single contact probe. 

The alternative feedback configurations of the 
variable gain stage 10 may be set to give equal but 
opposite changes in gain, that is one plus G "percent 
and .one minus g percent, G percent being a 
predetermined value determined by the characteristics 
of the system and varied according to which current 
range is selected. The comparator 19 may be set up 
to indicate to the control system when its inputs are 
equal. The basic operational technique is. to 
accurately measure the potential difference between 
the , voltage contacts 5, and then to modify this 
potential difference by a known amount by injecting a 
small current via the current contacts 4. This 
injected current is measured and then used to 
calculate the original track current. 

In order to obtain each reading which is output 
to the display 20, a cycle of operations occurs. 



This cycle lt described with reference to Pi g 2 In 
e.ch cycle, measurements are take „ 2 ' In 

current ln four modes; oc ql- 4 and T 

final measured track current it i' 

"ess four measurements. " "computed fro™ 

Referring to Fig. 2 , in auadra „ t .. . 

= «rent i is S elected so as * , ^ £ 
Potential difference and thus cause a„ i ^ 
voltage v.. In quadrant the "niect ■ " 

is caused to reduce the "lection current i 

reauce the measured potential «K,.i 
by minus vm. In quadrant o3 th „ ■ difference 
reversed and th. ■ lnPUt SBit =h-8 is 

and the injection current ) i. 
cause an i ncre ,„ t urrent i ls selected to 

vm r„ """" ln Potential difference of pl us 
Vm. In quadrant q,4, the input sult , h . . P 

reversed but the injection cur e„t 7 V 
-use a reduction ln Z ' " " 1,ote<5 to 

difference of ..„„. „_ ^ . "« ^tU, 



. '-'rue 

0j - minus Vm. ThiiQ u 

represents the input .3 ^ h * » °< ■ * 

condition and the bottom half , nd " f h ^Tt' ' 



'potential aac* cne mec 

cause a °\ " "^ctron current 



input switch 

u,je bottom half indicates hh o 

-itch, in its reversed COndifcion ^^t lana^r 
of Fig. 2 indicates the selected / 
current to cause „ selected of an injection 

cause an mcrease in the measured 

rtand side of . Fig . 

— - reduction in ^ jeCti ° n current" to 

difference. measured potential 

-ries'^Url;/ ~s, a sim i lar 

^i- operations occurc t« ^ \_ 

^ these ope r ations are as follow " 56 °' 

Ln no injection currpnh /f-u 
^e value of th<B CUrrent < th ^ i equals zero), 

-age cont^s "^J""^. "\"» ^ 



3 w " LSCC s 5 is measured Th ; c 
re f errpH -, . - rea ' This voltage 

referred to -hereinafter as voltage Vo . 



---- — -M« t « lnatCer as Voltage Vq 

2- the voltage VQ is stoced ^ sampie ^ ^ 
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3. the variable gain stage 10 is set to give a gain 
of 1 + G percent. Thus the voltage vo, increased by 
G percent, appears at the upper input of comparator 
19 ( Fig . l) . 

4. the control system. 6 causes a current i to be 
injected into the track . 1, ■ the injected current 
modifying the potential difference measured by the 
voltage contacts so as to produce a voltage at the 
lower input to comparator 19 which equals the voltage 
at the upper input comparator 19. This balancing of' 
voltage levels at the two inputs to the comparator 19 
uses a successive approximation technique to obtain a 
high resolution whilst maintaining speed and 
stability. 

5 V the value of the injected current which causes 
the voltage levels at the two inputs of the 
comparator 19 to be equal is stored in memory as (i 
ql) . 

A similar series of steps is carried out in each 
of the four ' quadrants. Thus to obtain (i q 2 ), the 
variable gain stage 10 is. reset to give a. gain of one' 
minus G percent and "steps 4 and 5 above are repeated.'- 
(i q3) is obtained by reversing the input switch 8 
and setting the gain to 1 plus G percent and (i q4 ) ' 
is obtained by keeping the input switch 8 reversed 

and setting the gain to 1 minus G percent. 

The four values (i ql), (i q2)/ (i q3)/ and ( . 

q4> are averaged to. produce a final single value la. 

This averaging ensures that all errors due to-- 

offsets, thermal EMFs and general noise are cancelled 

out . 

The value of the track current It is now 
calculated in the control system from the following 
formula: 

(track currents 100 (average cur rent )/( ga i n percent)- 
that is: 

It = lOOIa/G 
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For example, if 



sample, if q = 20 na 

injected current ! will be J , PetCeftt ' then the 

thS ^'".l current by 20 ^ to ""fy 

original track current rt ' therefore the 

larger, that is 5 t J^ '" 1 "0/20 times 

In principle, the larger fch* 

greater the i nje cted current 1, " h * ° f G ' the 

""f ^ the accuracy of the ^ ^ 

™- up to 2 amp y s ° a f re to :i sult - However if 

needs to be small . be meas ^ed, then G 

. small in order t-rs 
consumption in thp ■ • ep cu "ent 

"•.ibl.. ana to a oirTHe" 1 "' " lo « 

°« "ng'es e.g 0 to , leCted £oc «ch of a series 

we^;^; Vg h a r; ue o 0 r c 2 °<« ao to - - 

current ranges, where h . k 13 used low 

."0 l".r «; ts h V! «so luti o„ is cequired< 

"»'•■• - .voL high ^ecu" ^ ™< 

maintaining adegeate resolution CUrrentS " M1St 

t^::::-;- f - ----- r„£ 

t-ro,iic«iiy controlled pmoq = 
-en as type DG2 - «»f analog switoh 

such as the • ; 6 Sln ^ ended input ampl ifier 
"-PL »nd nold Jrrr' 1 »• 

i 2 such ;; cui ; 9 - c«o S lnput 

capacitive holding oirooit ils " £ ^"^ a " d 
stanaara oon£ig urat ,„„ . ltse lf may be o£ 

—citor ton 9 ::;; 10 ;, in r p °; ati ^ • i^e 

0pera T t h i ; na v 1 ac 7 a P b lifi « ■«« as an oP-,,:"'" imPed " Ce 

amplifiers""-" 6 fteaoacT C °" SiSt ° f ° P -" " 

reeoback resistor network 



switches 17 and 18 being CMOS analog switches such as 
DG211. The control system comprises a conventional 
microprocessor and associated circuitry caoable of 
interfacing with the other elements of the system and 
of performing the necessary computation'. Typical 
configurations will include a 6303 processor, - EPROM 
interface latches and clock circuitry. The voltage 
to current converter 7 which converts a digital 
output from the 'control system V into the injection 
•current may comprise a conventional configuration of 
a digital to analog converter (such as a DAC0800) and 
a high, current output operational amplifier such as 
the- -L272.- The display device- 20 may be any 
appropriate device, such as a three and a half digit 
LCD or LED, and the appropriate display driver e.g. "a 
7211 device . 

It is important that the probes 1 and 2 are 
sufficiently small as to enable ' reliable contacts to 
be made with fine circuit tracks. Fig. 3 illustrates 
one such probe device. 

Referring to Fig. 3 , the illustrated probe 
comprises a first, tubular contact -22 which 
corresponds to the current contact 4 of Fig 1 A 
second" contact 23 which corresponds to the voltage 
contact 5 of Fig. 1 is supported so as ' to extend 
along the axis of the- tubular first contact 22. The 
first contact 23 has a tip which projects' axially 
beyond the end of the tube 22 when unrestrained, the 
contact 23 being t elescopi ca 1 ly . mounted in a 
conductive housing 24 which is secured within an 
insulating body 25 within the tube 22. A pen like 
body 2-6 supports the contact assembly and conductors 
27 and 28 extend through the body 26 for connection 
to the circuit components illustrated in Fig. 1. 

The end of the tubular contact 22 is cut' off at 
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an a„ gl e inclined to a plane perpendicular to the 
tube axis so as to define a pointed tip „. The end 
of tne second contact 23 normally projects beyond the 
tip .29 but when axial pressure is applied to the 
first contact 23 it re tracts into the telescopic 
homing 2 4 until the tip 29 ■„„„ up ^ J> 

obstruction as that applying axial pressure to the 
first contact 23. Thus the resilience of the second 
contact 23 provides a positive fixed reaction to the 
users hand pressute and the tw0 
automatrcany ma *e goo d contact with a conductive 
tracx against which the probe, is pressed regardless 
of the angie of the axis of the probe relative to the 
conductive track thmc = u- 

crack. Thus a highly compact and rugged 

structure is provided in which hh fl c 

' in w "ich the spacing between 
the seconc contact. 23 and the tip 29 'of the f irst 
contact can be relatively small, for example 0.3175cm. 
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1. A current measuring apparatus comprising two 
probes adapted for positioning in contact with spaced apart 
regions of a conductive track, each probe having a first 
.and a. second contact, means for measuring the potential 
difference between the two first contacts, means for 
supplying current to the conductive tracks through the two 
second .contacts to effect a predetermined change in the 
measured potential difference, means for measuring the 
supplied current, and means for calculating the .current 

■ through the track before the. . track is contacted- by 'the 
probes from the measured current and the predetermined 
change in potential difference. . 

2. A method for measuring the magnitude of a current 
flowing, down a conductive path, wherein two probes are 
positioned, in contact with spaced apart regions of the 
conductive track, each probe comprising first and second 
electrically insulated contacts,' the potential difference 
between the two first contacts is measured, current is 
supplied to the conductive tract through the two second 
contacts to - effect a predetermined' change in the measure 
potential' difference, the current . supplied to achieve the 
predetermined change in the measured '.potent ial difference 
is measured, and the current through the track before, the 
track was contacted by the probes is calculated from the 
measured current and the predetermined change in the 
potential difference. - 

3. A method according to claim 2, wherein the 
predetermined- change in potential difference is a 
percentage change selected to suit a particular measurement 
range . 

4. A method according to claim 2 or 3, wherein each 
measurement is the result of a series of operations in " 
which the current injected into the conductive track is 
reversed and the connection of the probes through the 
monitoring equipment is reversed in a four stage cycle, 
whereby an average result is produced which cancels out 



errors . 
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A double contact probe comprising a first tubular 
contact, and a second contact extending along the axis of 
the tubular contact, wherein the second contact is 
resiliently mounted within the first contact so as to be 
electrically isolated therefrom, the first contact extends 
to a pointed tip, the second contact when unrestrained 
extends to a point axially beyond the said pointed tip, and 
the resilient mounting of the second contact is such that 
a predetermined axial pressure on the second contact causes 
it to move axially into the first contact so that the tips 
of the two contacts will lie on the conductive track 
irrespective of the angle of approach of the probe. 

6. A double contact probe according to claim 5, 
wherein the second contact is a spring-loaded telescopic 
assembly supported in a body' of electrically insulating 
material within 'the first contact. 

7. A double contact probe according to claim 6, 
wherein the pointed tip of the first contact is. defined by' 
cutting off the end of the first contact along a planar cut 
inclined to a plane perpendicular to the tube axis. 

8. A current measuring apparatus substantially as 
hereinbefore described with reference to the accompanying 
drawings. 

9. A current measuring- method substantially as 
hereinbefore described with reference to the accompanying 
drawings . 

10. a double contact probe substantially as 
hereinbefore described with reference to the accompanying 
drawings . " 
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